As an extension and improvement of a previous work, this paper presents a graphical interface designed with MATLAEJID, which is capable of representing both the spatial and electrical configurations of a conformal antenna array, as well as the different patterns radiated by the array. The tool considers the polarization of the elements of the array, which are not necessarily congruent to each other.
1. Introduction I n spite of the fact that confonnal arrays constitute a well studied subject in the technical literature of antenna design ers [1] , nowadays it is not so easy to find a free tool capable of visualizing both the configuration of such arrays and their cor responding radiated patterns. In fact, and as far as the authors know, the currently available tools correspond to commercial electromagnetic simulators that make use of well-known numerical techniques (Finite-Difference Time-Domain, Method of Moments, etc.), or a recent toolbox from MATLAB called the Phased Array Sy stem Toolbox. However, unfortunately for many investigators that own MATLAB, neither of these is freely available [2] . In this sense, in a previous work [3] we presented an alternative, free, MAT LAB-based solution. This allowed designers to visualize not only the spatial arrangement of the elements, but also the electrical configuration (amplitude and phase distributions), and the radiated fields generated by such an arrangement. The main drawback of this tool is that to calculate the resulting power pattern, it perfonns the superposition of the fields emitted by the individual antennas by means of scalar addition. This is inadequate when using polarized elements, something that in practice represents the majority of confonnal layouts, unless the polarization axes of the elements are aligned, as in the case of parallel dipoles, for example. As a consequence of this, such a tool does not adequately characterize the F 2 pattern of an array of elements with unmatched polarization directions. This also prevents the tool from representing the vertical Fi and horizontal Fj components of the field.
In this paper, we propose a solution that deals efficiently with the abovementioned problems. Furthennore, the new design has a graphical user interface that facilitates not only the loading of the confonnal array configurations from text files, but also the handling of the features of the generated patterns.
Mathematical Details
A large part of the description of the confonnal-array mathematical models that will be given here can be obtained from [3] . Basically, it should be taken into account that now the resulting vector field, F ( (), tP) , radiated by the array to a global far-field point ((), tP), corresponds to the superposition of the individual element fields. It must be considered that on the one hand, each element has a specific polarization, and on the other hand, the elements are not necessarily congruent. (Two elements p and q are congruent if fp ((),tP) = fq ((),tP) when they are not simultaneously located at the center of the global coordinates, and their local-axis system (see text) is aligned with the global axis system.) Finally, it is assumed that the mutual coupling between the elements is negligible. All of this can be stated mathematically by the following vector summation:
In this equation, a I n represents the polarization unit vector of element n, and In =IInlejcI> n and rn are its excitation phasor and its position vector, respectively. The position vector is specified in the global coordinate system. The k vector is equal
where A is the working wavelength. a R is the usual radial unit vector, specified in spherical coordinates and pointing from the origin of the coordinate system to the angular position of the field point. 
Both unit vector triads are then related by an = Tna , where Tn is the direction-cosine matrix corresponding to element n [3] . Conversely,
The zenith and azimuthal angles, measured with respect to the nth element ' s system, can be found by means of the expressions [3] 
The vector apn represents the projection of aR onto the plane generated by axn and ayn' with apx n and ap Y n being the components of the former with respect to the latter local unit vectors [3] .
As usually the polarization direction, a I n ' of element n is referred to its own coordinate system, it is necessary to use the projections of Equation (3) to find its components in the global system.
Once the total complex vector field is obtained, its compo nents simply correspond to the projections with respect to the unit zenith, ae, and azimuthal, a ¢ , directions:
F e (B,t/J) = F ( B,t/J) 'ae (B,t/J) , (5) Finally, the amplitude of the total field, normalized with respect to the maximum value obtained at point (Bo, t/Jo ) , and expressed in decibels, is given by Fe (Bo,t/Jo )F; (Bo,t/Jo) + F¢ (Bo't/Jo) F ; (Bo , t/Jo) (6) In this equation, the asterisk represents complex conjugation. For an adequate representation of levels, the quadratic ampli tudes of Equation (5) are normalized with respect to the same value indicated in the denominator of Equation (6).
Description of the Tool
We proceed now to briefly describe the tool proposed here.
The main form of the interface can be edited by typing the sentence» guide ConfPolPow3d. fig in the MATLAB command line [4] . The program is then executed in the opened MATLAB GUI compiler by using the Ctrl+T shortcut, for example. The main window of the program is shown in Figure 1 (the Visualization Space is empty when the interface emerges for the first time). Alternatively, the program can be executed directly by typing» ConfPolPow3D. .!l 1 �-.
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-Q) (2)) are computed. The user is able to specify these angles without the restriction of considering axn and ayn to be perpendicular: the program will proceed to make appropriate adjustments in order to accomplish such a condition, keeping unchanged both the direction ofaxn and the plane determined by that unit vector and a yn . The remaining unit vector will then be obtained by means of a cross product: azn = axn x ayn . (In fact, azn is calculated first, by means of the cross product axn x ayn and a subsequent normalization, and then the program proceeds to modify ayn.) The KElem variable represents an integer that will allow the program to identify the vector field function fn' which the program will use for that specific element, something that is explained later in more detail. The symbols TAB and \n indicate tabulation and new-line charac ters, respectively. In order for the program to correctly establish -by means of the NElem = si ze(X, l) sentence [4, 5] -the total number of elements, N, of the array, the line break should be omitted in the last row of the file.
The program then loads the data and runs the correspond ing previous calculations [3, 5] , informing the user by means of a window message (mssbox [4] ) if there have been any errors when accessing the file. If the data has been correctly loaded, then both the number and kind of elements (patches, dipoles, etc.: see below) are shown to the user, also indicating that the configuration is ready to be drawn. Before proceeding to plot such configurations, the user is able to establish the relative size, given in units of A ,of the maximum amplitude and phase, represented by oriented cones [3] and non-oriented cylinders, respectively. All of these parameters can be configured by the controls gathered on panel Cones and Cylinders Features (see Figure I) . Then, by clicking on the Draw! button, from the Array Configuration frame, the program proceeds to plot the array ' s relative amplitude and/or phase distributions (according to the selections performed within the Draw panel: see Figure 1 ). Once plotted, the user has at hislher disposal the options of erasing the graphics by clicking on the Re set button, or of obtaining detached figures, capable of being adequately edited, by clicking on any of the Popup buttons located on the bottom vertex of the given plots on the main form.
Once the array ' s configuration has been loaded, it is neces sary to set the power-pattern parameters to be further calculated. On the one hand, it is necessary to indicate if the three dimensional pattern is requested to be calculated (Total 3D Power Pattern at the top of the Patterns Options panel), over the whole space (Whole Space) or the southern hemisphere (Hemisphere). On the other hand, the user has to specify a two-dimensional pattern by setting either B = constant or fjJ = constant , at an angle specified by the Angle (deg):
editing text box, this latter box having the option of being selected with the help of a slider located below it.
The user should take into account that if just a planar pattern is selected, the denominator of Equation (6) could be different from that obtained when the three-dimensional pat tern is also calculated. The same consideration is applied when the three-dimensional pattern is calculated on the upper hemi sphere. In any case, the program informs the user about these possibilities by means of a warning window.
The Pattern Fitting options list sets the limits adjust ment of the axis box containing the three-dimensional pattern. The user can select the most adequate solution according to his/ her requirements [4, 6] : Automatic, corresponding to the axis auto MATLAB option; Packed, setting axis fill; or Level, establishing the box limits between -levmin and levmin , with levmin being the value indicated in the Min Level in dB (Positive) text box, from the Patterns Features panel. The other alternative, not given in the list, is similar to Level, but with the z axis of the box between 0 and levmin. This is established after selecting the Hemisphere choice in the 3D Pattern Options panel.
The Theta and Phi Points (3D) and Theta or Phi Points (2D) editing texts indicate to the program the number of points selected for sweeping the B and fjJ angles on the three-dimensional plot, and for sweeping the fjJ angle (for B = constant ) or B (for fjJ = constant ) on the planar patterns, respectively.
The Color Gradient for 3D Patterns option sets a color map on the three-dimensional power surfaces, with corresponding color bars that inform the user about the con cerned levels (unless the field is null, in which case those bars are omitted). If such an option is not selected, then the three dimensional patterns are drawn with uniform colors and no level bar. In both cases, the axis box is given with ticks and labels on the x, y, and z axes, in the same way it was done in our previous work [3, 5] .
When clicking the
that in order to accelerate the computing process, the operations are vectorized (the computations are performed by using MATLAB matrix and vector operations), a solution that has produced a remarkable improvement in speed. This reduced by about 50 times the computing time when compared to the brute-force didactical option (a triple for-end loop [4] , for sweeping B, fjJ, and n) given in [3] .
Regarding the element factor vector function fn' the code was written so as to give the user the option of having at hislher disposal several options in one function, thus making possible the alternative of setting up a heterogeneous array of incongruent elements. In the source code, such a function, named Po IE lemF, has among its arguments an integer variable that indicates according to its value what function is used. In our code, we have considered three options: a half-wavelength dipole aligned along the z axis (with a ground plane parallel to the x = 0 or The user can even further speed up the computing process by also vectorizing this PolElemF function, at the expense of the comprehensibility of the code.
Once the calculations have been performed, the user will have at hislher disposal the option of properly drawing the three-dimensional [3] and two-dimensional patterns by clicking on the corresponding Draw! button. After this, by clicking on the Popup button of the three-dimensional diagram, the program plots the graphics corresponding to the total, () and t/J components of the field, in separate windows. The procedures for building up these polar surfaces are based on the procedure given in [3] and [5] , by previously setting up the matrices used by the surf function [4, 6] . In order to help the user to determine the global orientation of the three-dimensional fields, a set of three small cones, oriented along the global x, y, and z axes, has been added to each of these polar figures. This was done by taking advantage of the same function that draws the representative oriented cones for amplitude [5] . The location and size of such a three-cone system can of course be modified in the source code according to the requirements of the user.
Analogously, the () and ¢ components, together with the total field, are drawn already in three separate plane figures after clicking on the Pop up button, located at the bottom right hand side of the Total Power Curve (at Constant Angle) panel. In all these cases, including the plot belonging to such a panel, we used a function that performs planar polar plots. The code of such a function was based on the editable polar MATLAB function [4] by making the function named PlanarPlot. This was done to first plot the curve with the () angle having a clockwise sweeping, and with the zero located at the top of the vertical axis; second, to plot the curve with the ¢ angle on a counterclockwise approach; and finally, to specify the field levels from 0 to -[evmin decibels.
Simulations and Results
Following the previous description, two configurations are presented in order to show the reader the utility of the tool. Let us consider first a 0.5A dipole, centered on the global coordinate system, and oriented along an axis that lies on the y-z plane, with an angle of 45° with respect to the z axis over the () direction. In this case, considering that the dipole is aligned along z in its local coordinate system, the . da t configuration file is over a concentric circumference of z = 3.,1,. Over each circumference, the elements were uniformly distributed and tangent to the cone. Four of the patches corresponding to different circumferences were also parallel to a cone generating axis. Nevertheless, this time the elements were considered to radiate with () polarization, the element factor therefore being fn = cos 2 {)nag , where ag corresponded to the unit vector n n pointing towards the increasing local ()n coordinate. 
Final Comments
For the visual representation of the fields generated by conformal arrays composed of elements the patterns of which are well studied, and with configurations where the mutual coupling can be neglected, the tool presented constitutes a reliable alternative to commercial programs based on known numerical techniques. The user also has the option of modi fYing the source code at will, which remarkably increases the utility of the tool.
In spite of the completeness of the tool, some improve ments could be suggested fo r it. The user could add the option of visualizing other field components. The possibility of writing an output file containing any of the calculated patterns would be another useful fe ature. The three components of the field fo r constant (J (or t/J) polar cuts could be represented on a single figure. Some users would prefer Cartesian planar plots instead of polar ones. Additional pattern attributes could be controlled by the inclusion of further controls (buttons, check boxes, etc.), but at the price of needing more space to locate them.
Finally, it is important to remark that several results obtained with the proposed tool were successfully validated -taking into account that the negligibility of the mutual cou pling between elements would cause apparent differences with respect to the more-realistic results -with a commercial soft ware tool (based on the Finite-Difference Time-Domain tech nique [7] ).
The source code for the tool is freely available at http://gtec.des.udc.es/web/images/files/confpolpow3d.zip This . zip file also includes several antenna configurations, such as those given here as examples Ll_rotated_dipole.
dat fo r the dipole, and _ 40_patches_on_cone. dat fo r the conical arrangement), together with a brief tutorial that will help the reader to quickly grasp handling the program.
